Knockdown efficacy of commercial aerosol insecticides against laboratory reared Anopheles gambiae Kisumu strain mosquitoes and suppression of indoor resting density of A. gambiae complex mosquitoes in the field were investigated in the study. Laboratory reared 2-5 days old female A. gambiae mosquitoes were released into Peet-Grady chambers, sprayed with 0.3±0.1g of insecticides. Knock down rates were observed for one hour and mortality rates after 24hrs of spraying. Field efficacy studies were carried out by spraying houses with near uniform indoor resting densities of A. gambiae complex mosquitoes with aerosol insecticides and mosquitoes collected. Morphological and molecular characterization of mosquitoes was done. Probit analysis on knock down rates was carried out. Mortality rates and Mean indoor resting densities were compared using ANOVA in SPSS version 16. The KT50 and KT95 of Kenyan Baygon ® and Kenyan raid ® differed significantly with the other insecticides. Nigerian Baygon ® achieved the lowest mortality rate of 87% and differed significantly (P<0.05) with other insecticides. No significant differences in suppression of indoor resting densities of A. gambiae complex mosquitoes was observed (p>0.05). Collected A. gambiae complex mosquitoes corresponded to A. arabiensis. The low knock down values by Kenyan Baygon ® , Kenyan raid ® and the low mortality rate by Nigerian Baygon ® can be attributed to reduced efficacy rather than development of resistance. Whether the low deterrence of Anopheles gambiae complex mosquitoes into houses is due to development of pyrethroid insecticide resistance can be authenticated in another study.
INTRODUCTION
Notwithstanding the control efforts, malaria remains one of the greatest health burdens to the public especially to the SubSaharan Africa [1] . In 2010, there were 219 million episodes of malaria with approximately 660,000 deaths according to the World Malaria Report [1] . Ninety per cent of the deaths were from Africa; 16% of them being children under the age of five years. Malaria in tropical and sub-tropical areas is due to temperatures favouring the development of Plasmodium parasites in Anopheles mosquito vectors [2] . Increases in malaria-specific mortality has been attributed to development of drug resistance . Email: nicholaskibegwa@gmail.com by the parasites, spread of insecticide resistant mosquitoes, poverty, social and political upheavals, lack of an effective vaccine and climate change [3] . Mosquitoes are vectors of many diseases within and outside the tropics such as malaria, filariases, numerous viral diseases such as dengue, Japanese encephalitis and yellow fever and allergic reactions to proteins injected by mosquito bites [4, 5, 6] . Mosquitoes also act as nuisance pests due to their biting behaviour. Any mosquito control strategy should encompass the control of mosquitoes as vectors and nuisance pests. The major malaria vectors in Kenya are Anopheles gambiae complex mosquitoes. They are involved in transmission of other vectorborne diseases. Anopheles gambiae complex mosquitoes previously consisted of seven sibling species [7] . Two more sibling species have been discovered in the recent past [8] . A. gambiae and A. arabiensis mosquitoes are highly efficient in transmitting malaria parasites in Africa [9, 10] .
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Malaria and other vector-borne disease control strategies include the use of pyrethroid insecticides. Pyrethoids are consituted as combinations of different isomers in varying proportions. Pyrethroids are used mostly in Indoor Residual Sprays (IRS) and in Long Lasting Insecticide Treated Nets (LLINs). Indeed IRS and LLINs have been suggested as the primary tools for malaria vector control and most of the efficacy studies have focused on the same [11] . Pyrethroids are also constituted as commercial aerosols which act by their knock down effect on mosquitoes [12] .
They are meant for personal protection against mosquito bites and thus protection against mosquto-borne diseases. The emergence and spread of insecticide resistance to major classes of insecticides in some areas is threatening the success of vectorborne disease control programs [13, 14, 15, 16] . Several efficacy studies on pyrethroid insecticides used in impregnation of bed nets and curtains have been carried out. While most of the studies have focused on insecticide treated nets, little has been carried out on insecticides constituted as aerosol pyrethroids, and where such exist; little has been carried out in Kenya.
Thus there is need to investigate the efficacy of aerosol commercial insecticides. This study reports laboratory knock down and mortality rates of A. gambiae mosquitoes by aerosol inseciticides. It also reports the suppression of indoor resting densities of An. gambiae complex mosquitoes in houses at Kigoche village in Ahero, Kisumu County part of Kenya after spraying with Insecticides.
MATERIALS AND METHODS

Study design
Controlled laboratory study was conducted at the University of Nairobi, Chiromo campus, School of Biological Sciences. It involved rearing of mosquitoes from egg to the adult stages. Then knock down efficacies of the insecticides were tested on adult Anopheles gambiae mosquitoes. Field study was carried out at Kigoche village in Ahero, Kisumu County Western part of Kenya where suppression of indoor resting densities of mosquitoes in village huts was evaluated. Anopheles gambiae complex mosquitoes collected from village huts were taken to Chiromo Centre for Biotechnology and Biotechnology for molecular based characterization.
Aerosol insecticides Tested and active ingredients
Aerosol insecticides for the study were obtained from Kenya, Nigeria and South Africa. Both laboratory and field efficacy studies were carried out. They were both tested in the laboratory and in the Field. The active ingredients constituting the insecticides were obtained from the manufacturer's labels and are as summarised in Table 1 .
Rearing of Anopheles gambiae mosquitoes
Anopheles gambiae eggs were obtained from Thomas Odhiambo Campus (TOC) of the International Centre of Insect Physiology and Ecology (ICIPE). The insectary was divided into . two units; the rearing unit and the experimental unit where bioassays were carried out. An automated heater was supplied to maintain the temperatures at 27 ±2˚C and wetting of the floor to keep relative humidity at approximately 80±5. The lighting system was set to go on and off at 6.00am and 6.00pm respectively to simulate field conditions. To obtain eggs for colony maintenance adult female mosquitoes were fed on human blood. Other A. gambiae mosquitoes for bioassays were fed on 10% sugar solution soaked in velvex tissue paper in vials. Adult mosquitoes were supplied with water by soaking cotton towels in water and spreading them on top of the cages. Larvae were fed on Tetramin® baby fish food early in the morning and late in the evening. Larvae rearing was done on small rearing trays (25x20x14cm) filled with fresh borehole water. The trays were topped up with fresh water every day to make up for the water lost due to evaporation. Pupae were collected early in the morning and late in the evening, placed in pupae holding cups and transferred into adult holding cages covered with netting material where they emerged into adults.
Knockdown and Mortality effect
The discharge rate of each insecticide was determined by weighing the container full of insecticide. Then the insecticide was sprayed into the air for around 0.3 to 1 seconds and the container weighed. The difference before and after spraying was noted. This was done until an average discharge rate of 0.3± 0.1g was obtained [17, 18] . Knock down efficacy was carried out using the PeetGrady chamber method [19, 17, 12] . The Peet-Grady chambers were measuring 0.7m by 0.7m by 0.7m. A total of 25 laboratory reared non-blood fed female Anopheles gambiae mosquitoes, 2-5 days old were liberated into the Peet-Grady chambers and given 2 minutes to acclimatize. The mosquitoes were then sprayed with the insecticides and knock down rates observed every minute for up to ten minutes, then after every ten minutes up to 60 minutes. The mosquitoes were then transferred to holding cups, fed with 10% sucrose and water. Mortality rates were observed 24hrs after spraying. Test replicates of four were carried out.
Control Experiment
Before efficacy tests were carried out, Peet-Grady chambers were washed with a multipurpose detergent solution, then with ethanol-acetone solution in the ratio of 19:1. This was done to free the chambers of any chemical from previous experiment. A total of 25, 2-5 days old, laboratory reared nonblood fed female Anopheles gambiae mosquitoes were liberated into the Peet-Grady chambers, knock down values observed for every minute up to ten minutes thereafter every ten minutes up to sixty minutes. Mosquitoes were put in holding cups, provided with 10% sucrose and water. Mortality was observed 24hours postspraying.
Field Study Area
Field study was carried out at Kigoche village in Ahero (00° 08 1 S, 034° 55 1 E), Kisumu County, Western Kenya. The village lies at an altitude of 1160m above sea level with an average relative humidity of 65% and average annual rainfall of 1,000 -1,800mm. Ahero village is characterized with long rains from April to June and short rains from September to October.
Indoor resting densities of A. gambiae complex mosquitoes before spraying the houses
Twenty village huts with similar house characteristics were randomly picked: Mud-walled houses, roofed with corrugated iron sheet, no screens on doors/windows and no eaves between the walls and the roofs. In addition, no cooking was carried out in the houses. Mosquitoes were collected from the twenty houses using hand-held aspirators early in the morning from7.00am and not later than 9.30am, spending approximately ten minutes in each house to collect mosquitoes. The exercise was carried out for four days as from 30 th August to 1 st September 2011. Mosquitoes were put in holding cups and transferred to the laboratory at the Ahero Multi-purpose Development Training Institute (AMDTI) for morphological identification [7, 9] . Anopheles gambiae complex mosquitoes were preserved with silica gel in eppendorf tubes. The indoor resting densities of A. gambiae complex mosquitoes of each house were determined and eleven huts with uniform indoor resting densities of Anopheles gambiae complex mosquitoes were selected for the study.
Suppression of indoor resting density of A. gambiae complex mosquitoes
Ten houses were sprayed with the insecticides between 7.00am and 9.30am while the control house was not. Each of the ten houses was sprayed for about fifteen to twenty minutes. Windows and doors of the houses were shut and the owners advised not to open them until after ten to fifteen minutes. The owners were allowed to sleep in the huts after around twelve hours of spraying. Mosquitoes that entered the houses overnight were collected using hand-held aspirators [20] . Collected mosquitoes were then put in holding cups and transferred to the laboratory at Ahero Multi-purpose Development Training Institute (AMDTI) for morphological identification. A. gambiae complex mosquitoes were preserved in eppendorf tubes with silica gel and transferred to University of Nairobi, Centre for Biotechnology and Bioinformatics (CEBIB) for PCR-based molecular characterization. Aspiration of mosquitoes was done one day after spraying the houses with the insecticides. Six days were given for normalization of the indoor resting densities of Anopheles gambiae complex mosquitoes before a second spray was carried out. Four replicates were done for each treatment. To get rid of any residue effect of previous insecticide, the same insecticide was sprayed in the same house for the four replicates i.e. no rotation of insecticide treatment was done.
DNA extraction
DNA was extracted from mosquito legs, wings and in some cases the abdomen using the Collins' method with slight modifications [21, 22, 23] . The mosquito parts were cut and put into 1.5ml eppendorf tube using clean sterile forceps. Then 100µl of the grinding buffer consisting of 0.08M NaCl, 0.16M Sucrose, 0.124M Trizma, 0.058M EDTA and 0.005M SDS was added. The samples were ground till there were no large fragments visible. Fourteen (14µl) of 8M potassium acetate was added and vortexed, transferred into crushed ice for 30 minutes and then centrifuged at 14000rpm for ten minutes. The supernatant was transferred into new sterile labelled 1.5µl eppendorf tubes and 200µl of 95% ethanol added and then kept at 4˚C overnight to allow for more ethanol precipitation. The samples were spun at 14000rpm for 20 minutes before ethanol was poured off leaving the DNA pellet intact. The DNA was washed with 200µl of 70% ethanol followed by 200µl of 95% ethanol. The tubes containing DNA were inverted in a velvex tissue paper to allow for drying. The pellet was re-suspended in 50µl PCR water and briefly vortexed and allowed to stand at room temperature for 20 minutes before storage at -20˚C
Polymerase Chain Reaction:
The PCR master mix reaction was prepared as earlier described [24, 25] ; On 12.5 µl sterile water, 2.5 µl Taq 10X PCR buffer with MgCl 2 was added, 2.5 µl dNTP (2 mM mix G, A, T ,C), 0. 
Data Analysis
The percentage knock down values obtained were pooled together and subjected to probit analysis (SPSS software version 16). The KT 50 and KT 95 (time taken to knock down 50% and 95% of Anopheles gambiae mosquitoes respectively) values were obtained from probit analysis. The overlap or else of the 95% confidence intervals (CI) of the KT 50 s and KT 95 s were used to determine the significant difference in knock down rates. Mean mortality rates were compared using the LSD (ANOVA post hoc test) test in SPSS and their statistical significance determined. The percentage rates were also compared to WHO standard values of resistance [26] . Data from the field was analysed by comparing the indoor resting densities of mosquitoes in houses using one way-ANOVA (SPSS version 16).
RESULTS
Knock down values
Knock down values (KT 50 s and KT 95 s after probit analysis) of A. gambiae mosquitoes achieved by insecticides from Kenya with the respective 95% confidence intervals (CI) were as shown in Table 2 The KT 50 s and KT 95 s (after probit analysis) against Anopheles gambiae mosquitoes and the respective 95% confidence intervals by the insecticides from South Africa were as shown in Table 4 . Mortein PowerGard ultrafast insecticide was more effective as compared to Mortein PowerGard odorless but not significantly different (p>0.05). 
Mortality rates after 24hrs of spraying An. gambiae s.s with insecticides
The mortality rates of Anopheles gambiae mosquitoes achieved by the insecticides from Kenya, Nigeria and South Africa are as shown in figures 1, 2 and 3 respectively. Most of the insecticides achieved high mortality rates (above 97%) with the exception of Nigerian Baygon ® which achieved a mortality rate of 87% and differed significantly (p<0.05) with the mortality rates achieved by other insecticides (ANOVA, SPSS version16; degrees of freedom (d.f) between groups was 9, d.f within groups was 30, F value=4.558 and p value was 0.001). According to WHO recommendations on susceptibility tests [26], the mortality rates achieved by the aerosol insecticides are within the acceptable range with the exception of Nigerian Baygon ® .
Fig. 1:
Mean mortality rates of A. gambiae complex mosquitoes exposed to aerosol insecticides manufactured in Kenya.
Fig. 2:
Mean mortality rates of A. gambiae complex mosquitoes exposed to aerosol insecticides manufactured in Nigeria.
Fig. 3:
Mean mortality rates of A. gambiae complex mosquitoes exposed to aerosol insecticides manufactured in South Africa.
Field efficacy study
After spraying the houses with the insecticides, Nigerian Mobil ® was the leading in deterrence and suppression of A.
gambiae complex mosquitoes into houses with a mean indoor resting density of 3.75. (Fig 4) . However, when the mean indoor resting densities were compared using ANOVA there were no significant difference between them (d.f between groups 10, d.f within groups was 33, and F value was 1.729 and the p value 0.115).
Molecular characterization of Anopheles gambiae complex mosquitoes
A total of 381 A. gambiae complex mosquitoes were collected from the houses after spraying with the insecticides. DNA was extracted from 107 mosquitoes. After amplification by Polymerase Chain Reaction (PCR) and subjecting the PCR products through 2% agarose gel electrophoresis, the products were visualized through UV light. Seventy one out of one hundred and seven (71/107) samples (66.4%) were positive for Anopheles arabiensis mosquitoes. Thirty samples failed to amplify hence would not be identified to any sibling species. The bands obtained are as shown in Fig. 5 . Anopheles gambiae complex mosquitoes consist of An. quadriannulutus (153bp) A. arabiensis (315bp) A. gambiae (390bp), An. melas (464bp) and An. merus (466bp). Of these, the band sizes which were expected were 315bp for A. arabiensis and 390bp for A. gambiae. As per figure 5a and 5b, the band sizes obtained in this study were 315bp corresponding to A. arabiensis.
DISCUSSION
Considering that the susceptible A. gambiae, Kisumu strain mosquitoes were used to test both for knock down and mortality rates, the low mortality rate achieved by Nigerian Baygon ® is likely to be an indication of reduced efficacy rather than development of resistance. This is due to fast knock down rates achieved by the insecticides in this study. However, given that pyrethroid insecticidal resistance has been reported previously [27, 28, 14] [29, 30] this can be a threat to vector control. Some previous study from Western Kenya did not find proof of any pyrethroid resistance [31] . Whether pyrethroid insecticide resistance will have occurred since then up to the time of carrying out this study is unlikely due to the short span of time. However this can be investigated in another study. Looking at the isomers constituting the insecticides will help to determine whether active ingredients affect efficacy. As obtained from the manufacturers' labels the insecticides were constituted as given in ) are Imiprothrin and Cyfluthrin. Arguably the combination of imiprothrin and cyfluthrin does not necessarily achieve higher efficacy. It is likely that a substitution of these active ingredients or addition of a third isomer may result to higher efficacy, subject to further investigation. Even though, Baygon ® from Nigerian was constituted by the addition of a third active ingredient, this did not translate to higher efficacy in terms of mortality rates of Anopheles gambiae mosquitoes though faster knock down times were realized. Thus addition of more active ingredients does not necessarily translate to higher efficacy. In a study by Pemba and Kadangwe [5] insecticide A with three active ingredients was found to be more effective than insecticide B which was constituted with four active ingredients. Therefore reconstitution of the pyrethroid insecticides with more potent active ingredients or higher concentration might be necessary to enhance their effectiveness. In another study [18] different aerosol insecticides with different active ingredients achieved different mortality rates of Aedes aegypti mosquitoes. With respect to molecular characterization, a hundred per cent of all the successful amplifications of Anopheles gambiae complex mosquitoes corresponded to Anopheles arabiensis sibling species perhaps indicating it to be the main sibling species in Kigoche village of Ahero part of western Kenya. The failure of some samples to amplify can be attributed to the quality of DNA used and the status of mosquito from which DNA was extracted i.e. if the mosquitoes were blood-fed or not. This can also be attributed to optimization of the PCR conditions [32] , however since this was done in this study, this can be ruled out as a contributing factor to the amplification failures. Since no any other sibling species apart from Anopheles arabiensis was identified by molecular means, it is unlikely that any of the failed amplifications would identify to any other sibling species. In previous studies from the same region A. arabiensis mosquitoes were found to be the only sibling species of A. gambiae complex mosquitoes [33, 34, 31] . In a study carried out at Mwea rice irrigation scheme, A. arabiensis mosquitoes were found to be the only member of A. gambiae complex mosquitoes [35] . The abundance of A. arabiensis mosquitoes in irrigated rice fields has been attributed to the provision of permanent and extensive aquatic habitats for larvae development [36] . The fact that 100% (71/107) of the identified species corresponded to A. arabiensis mosquitoes, is an indication that the species might have developed a way of circumventing the harsh environmental conditions as compared to other sibling species. Ahero being a rice field where there is extensive use of pyrethroids and a scaling up of Insecticidal Residual Sprays (IRS) by the ministry of public health, it is possible that A. gambiae sibling species which is more susceptible might have found it hard to survive in the region. A previous study by Muturi et al [36] found a high number of rare alleles in A. arabiensis population, suggesting that the species has a higher potential of responding to environmental changes and pressures imposed by control measures. Perhaps this is why A. arabiensis can survive the effect of insecticides used in rice fields as compared to its sibling species of A. gambiae s.s. Therefore any vector control strategy against malaria and other vector-borne diseases in Ahero village part of western Kenya needs to focus on A. arabiensis mosquitoes.
CONCLUSION
The significant difference in knock down rates by the different insecticides in terms of KT 50 and KT 95 was as a result of Kenyan Raid ® and Kenyan Baygon ® . The mortality rates of A.
gambiae achieved by most insecticides was ≥97%, Nigerian Baygon ® achieving the least with 87% mortality which gives a cause to worry as far as malaria vector control interventions are concerned. Lack of significant differences in suppression of indoor resting density of A. gambiae complex mosquitoes into houses in the field suggest a reduced efficacy of the insecticides. Whether this is due to insecticide resistance is unlikely due to previous study. However this can be authenticated in another study. There is need to reconstitute the insecticides with more potent active ingredients to ensure higher efficacy in terms of mortality rates. All the amplified A. gambiae complex mosquitoes from Ahero village part of Western Kenya, Kisumu County corresponded to A. arabiensis. Any malaria vector control strategy
